D uring the 2007 AACC International
Annual Meeting, a group of food industry experts gathered for a hallway talk to assess the future of sodium in the human diet (4) . This informal meeting allowed attendees to share their insights regarding the current global sodium-reduction trend. The meeting participants acknowledged sodium is increasingly becoming a hot button for food companies, consumers, medical professionals, and government officials. Global food companies are developing initiatives to reduce sodium levels in processed-food products. Consumers are increasingly checking food labels for sodium content and are concerned about prevention, reversal, or stabilization of cardiovascular diseases (9) . Medical associations are placing pressure on the U.S. food industry to reduce perceived poor health trends by reducing sodium levels in processed and restaurant foods. Global governments are demanding food manufacturers expand their product offerings of reduced-sodium foods and beverages.
As the AACC International group analyzed current sodium-reduction trends, the experts considered the following: sodium's link to the "better-for-you" market driver; increasing consumer health concerns and ➤ Sodium is increasingly becoming a hot button issue for food companies, consumers, medical professionals, and government officials.
➤ Taste has been the formulation challenge for many food manufacturers, including how to deliver sodium reduction while meeting sensory expectations.
➤ One strategy for sodium reduction is to take an organized approach to trimming the sodium content until your target sodium level is achieved. This approach involves not just looking at salt, but all sources of sodium.
➤ Calcium acid pyrophosphate is a unique leavening acid that has zero sodium and is a good source of calcium. The acid has controlled release that occurs during important stages of baking, providing ideal volume and texture while not contributing to the overall sodium load.
the corresponding high rates of cardiovascular disease; food companies' major initiatives in producing new reduced-sodium food and beverage offerings; and the actions being taken by global governments to set dietary guidelines and enforce healthy changes in the global food market.
The Better-for-You Link to the Reduced-Sodium Trend
There are a number of key drivers that impact global food and beverage formulation efforts, including consumer lifestyle, changing demographics, food safety, and channels to market. The AACC International Annual Meeting participants identified one of the leading market drivers for reduced-sodium food and beverage formulations as the better-for-you approach. Better-for-you focuses on improving the overall quality of food and beverage products by adding healthier ingredients and eliminating or diminishing components that may cause health issues. This market driver was originally coined to be "health and obesity," but the industry began to realize there was greater value associated with delivering better-for-you products that appealed to a broad group of consumers. Based on research conducted by Food Processing and Grant Thornton LLP, the top 100 food and beverage manufacturers concur on this issue. For example, in Figure 1 , when asked "Which of the following foods offer the greatest potential for revenue growth?" 54% stated "better-foryou" products (3).
to reduce the sodium in their diets. For example, when shoppers were asked about sodium reduction, almost half of those consumers stated they check the nutrition label for sodium content (Fig. 3) (9) . It appears that consumers are reading labels, but can they make the connection between the level of sodium per serving and whether it is low, reduced, or more "healthy"?
Why are consumers concerned? Because cardiovascular disease is currently the leading killer in the United States (12).
In 2006, sodium reduction became a more prominent issue among consumers when the American Medical Association (AMA) issued a statement that consumption of high-sodium foods contributes to health problems, including heart disease and high blood pressure (11). Approximately 50 million individuals in the United States and 1 billion people worldwide have high blood pressure (www.americanheart.org). According to the Centers for Disease Controls and Prevention and the National Center for Health Statistics, the percentages of deaths in 2003 due to cardiovascular diseases were 53% from coronary heart disease, 6% from high blood pressure, and 4% for arterial disease (www.cdc.gov/nchs/howto/w2w/w2wel-com.htm).
The Medical Community and Sodium Reduction
The global medical community is a strong supporter of the reduced-sodium trend. Although the link between sodium and cardiovascular disease is not clear, medical professionals assert a reduction in sodium may assist in disease prevention (11). This belief has prompted physicians to recommend that patients with high blood pressure reduce their sodium intake. High blood pressure, a signal of poor cardiovascular health, can lead to death from stroke or heart disease.
Cardiovascular health concerns drove the AMA) to request food manufacturers to produce better-for-you food and beverage offerings, where sodium is reduced by 50% versus current levels (11). The AMA also pledged to encourage the Food and Drug Administration to develop warning labels for high-sodium foods (11).
Governments and Sodium Reduction
Consumers and medical professionals are not the only groups interested in sodium reduction. Governments are requesting food manufacturers to take action. The European Union called for voluntary salt reduction as part of their health initiative: "A Strategy for Europe on Nutrition, Overweight and Obesity" (1) . In 2005, they called for food and beverage manufacturers to voluntarily reduce sodium in food products by 25% or face legislation. In the United Kingdom and other European countries, we have seen a commitment to sodium reduction, as well as significant reformulation efforts to improve population health.
The ultimate driver for the European Union government to take action is that according to their studies, health issues are costing them, both in terms of the human trauma from poor health and death and in economic terms due to its impact on current and future health care costs and productivity. According to an EU report, three quarters of type 2 diabetes, a third of ischemic heart disease, half of hypertensive disease, a third of ischemic strokes, and approximately a quarter of osteoarthritis cases can be attributed to excess weight gain. Studies from the UK and the United States already demonstrate that obesity reduces life expectancy and the impact may become greater in the future given the increase in childhood obesity (1) .
As a result, health care costs for these noncommunicable conditions, which already account for the majority of total health expenditure, can be expected to rise parallel to the increasing prevalence of overweight and obesity. The European Union has estimated direct costs of obesity in the 1990s ranged from 1 to 6% of health care expenditures, depending on which country was examined. As a long-term chronic condition, diabetes is one of the most costly conditions to society. Complications resulting from type 2 diabetes alone account for between 5% and 10% of For the past three or four years, the better-for-you focus has been on trans fatty acid reduction or elimination. This has been driven by the association between trans fat and cardiovascular health, as well as government regulations requiring that specific information appear on the nutrition label. Trans fat was further highlighted when New York City decided to ban artificial sources of trans fatty acids from restaurant food by July 2008. This created a controversy in the industry as many bakery formulators had to re-engineer their baked products and find strategies to eliminate trans fat.
Will sodium be the next trans fat? Will sodium and salt be the next better-for-you target?
Consumers and Sodium Reduction
Sodium-reduction is currently one of the better-for-you trends due to consumers' increasing concerns regarding cardiovascular health and disease prevention. In a study conducted by the Natural Marketing Institute, the general population expressed their viewpoints about preventing a number of diseases or health issues (including cardiovascular disease, vision problems, lack of energy, obesity, arthritis, joint disease, diabetes, and osteoporosis). The number one concern for more than 74% of those polled was the prevention of cardiovascular disease and associated health concerns, including high blood pressure ( Fig. 2) (9) . Based on doctor's recommendations and the increased awareness of the negative implications of sodium as a potential culprit for high blood pressure, consumers (especially the aging boomers) are looking total health care spending in the European Union (1).
The World Health Organization estimates that 80% of heart disease, stroke, and type 2 diabetes cases and 40% of cancer cases could be avoided if common lifestyle risk factors were eliminated (1) .
The European Union is not alone. Sodium is currently in Canada's spotlight. In October 2007, leading Canadian health groups joined forces to urge for comprehensive action to reduce sodium levels in food. The group proposed a target of a healthy range in the diet by January 1, 2020 (5) .
The same groups are urging the Canadian federal government to set graduated targets for sodium levels, according to food categories, and to monitor progress by 2012 and 2016. They even have suggested providing food companies with incentives to reduce the level of salt in processed-food products. (5) To date, the U.S. government has issued dietary guidelines for sodium consumption via the United States Department of Agriculture (USDA). Recently the FDA has begun assessing salt's current status as a GRAS (generally recognized as safe) food ingredient, which may ultimately lead to limitations on the use of salt in food and beverage products (5) .
The USDA played a role in the sodiumreduction trend when it issued the 2005 Dietary Guidelines for Americans (13), encouraging the reduction of salt and sodium in food. As stated in the Guidelines, the U.S. government believes lifestyle changes can prevent or delay the onset of high blood pressure and lower elevated blood pressure. Two lifestyle changes the USDA recommends are a reduction in sodium intake and an increase in potassium in the diet. The following summarizes the related 2005 USDA dietary guidelines:
USDA Key Recommendations • Consume less than 2,300 mg (approximately 1 tsp of salt) of sodium per day; and • Choose and prepare foods with little salt. At the same time, consume potassium-rich foods, such as fruits and vegetables.
USDA Key Recommendations for Specific Population Groups
• Individuals with hypertension, African Americans, and middleaged and older adults should aim to consume no more than 1,500 mg of sodium per day and meet the potassium recommendation (4,700 mg/d) with food.
Unfortunately, in this fast-paced, convenience-driven world, it is difficult to reduce sodium intake when 77% of the sodium that is consumed comes from processed foods. Based on research of contributions of dietary sodium sources in the American diet, 77% of sodium intake is derived from processed food, 12% is naturally occurring, 6% is consumed as table salt, and 5% is added during cooking (13). Healthy 19-50 year olds should consume 1.5 g of sodium and 2.3 g of chloride each day. This is the equivalent of 3.89 g of salt. This level of sodium is needed to replace the amount sodium foods do not taste good, and this has driven some food manufacturers to reduce the level of sodium but not emphasize the reduction on the label. They have taken what Leslie Skarra of Merlin Development coined the "stealth" approach (L. Skarra, 2007, personal commun.). They are reducing the level of sodium, documenting this on the nutrition facts label, and counting on their smart or educated consumers to realize that the level of sodium has been decreased. Food manufacturers have responded with new food products that are low sodium (less than 140 mg sodium per serving), reduced sodium (25% lower in sodium versus standard), or no sodium (less than 5 mg per unit and no sodium chloride on label.) Table I Tables IIa and IIb show the number of new products by category (8) . The types of products in the U.S. are different from those on a global basis. We know Campbell Soup launched a number of new products in the United States, boosting the standings for soup in the number of launches. In Europe, it appears there is a greater focus on processed fish, meat, and meals, which do not appear on the U.S. list. Both lists include bakery and grainbased products, the most significant category being snacks.
Top
Where does the industry go from here? As mentioned earlier, taste is probably the number one sodium-related function that has challenged food formulators. At the round-table discussion at the AACC Intl. meeting, two key themes were raised regarding sodium reduction: 1) increasing the use of other flavors/intense flavors; and 2) making it a gradual reduction in sodium.
The "healthy food, healthy living" lifestyle was a major issue addressed at a fall meeting among the medical community and culinologists. Speaking at the AACC Intl. hallway discussion, Julie Jones, professor of nutrition at St. Catherine's in St. Paul, stated that the culinary team recognizes the need for sodium reduction and believes that flavor-non-sodium-based flavor-is the way to deliver foods that taste acceptable (e.g., spices, herbs and heat, etc.).
The other taste strategy clearly conveyed during the hallway talk had to do with making it a gradual change. If the food industry gradually reduces the level of sodium in food products, the flavor impact will be minimized. Over time, responsible levels of sodium can be achieved. One member of the discussion group pointed out that in the United Kingdom, the level of sodium in breakfast cereals has been reduced by 25% over the past 10 years.
Two other facts must be considered when it comes to sodium reduction: 1) sodium chloride has many functions in foods-more than just flavor or flavor enhancement; and 2) sodium chloride is not the only source of sodium in a food product.
If the industry wants to deliver healthier food, and in turn improve the health of consumers, they must find ways to reduce sodium and deliver food products people want to consume.
According to the Salt Institute, salt serves many purposes (www.saltinstitute. org). Although we are still learning about taste perception, humans and other animals have an inherent taste for this essential nutrient. Besides contributing its own basic "salty" taste, salt has many benefits. It brings out natural flavors and makes foods acceptable. Salt protects food safety by acting as a preservative, retarding the growth of spoilage microorganisms. Salt also provides proper texture to processed foods. For example, it serves as a control agent to regulate the rate of fermentation in food processing and strengthens the gluten in bread. This allows for greater retention of the water and carbon dioxide developed during fermentation, thus leading to greater expansion or volume. Salt also aids in the modification of the texture of processed meat and rind hardness in cheese. Salt aids in delivering the color, aroma, and appearance consumers expect in processed meats and sausages. Another function of salt in meat is to aid in protein extraction, which then functions as a binder. Salt enhances the water binding properties of protein and contributes to stabilization of fat emulsions. Salt has many functions beyond flavor, and as a result is commonly used in processed foods.
Strategies for Sodium Reduction in Food and Baked Goods
One strategy for sodium reduction is trimming the sodium content until your target sodium level is achieved. This approach involves evaluating all sources of sodium-not just salt.
The first step is to establish a sodium target. Generally this is based on potential use of labeling claims or manufacturerdefined responsible levels of sodium. Because salt is one of the most concentrated sources of sodium (it contains about 39% sodium), it is best to look at the salt level of sodium lost daily, on average, through excretion in the form of sweat and urine. This level is easily achieved when the diet provides sufficient amounts of other essential nutrients. Health officials have established a tolerable upper-intake level of 5.8 g of salt per day or 2.26 g of sodium. According to Dietary Reference Intakes: Water, Potassium, Sodium, Chloride, and Sulfate (10), more than 95% of American men and 75% of women consume salt in excess of the tolerable upper-intake level.
The level of sodium consumption in the European Union is even higher. The data on salt intake varies by country. Estimates suggest the average salt intake in Europe is around 9-11 g/day (1).
Food Companies and Sodium Reduction
Sodium reduction has become a target and a formulation challenge for wellknown food corporations. According to a JustFoods.Com market research study in 2004, Campbell Soup Company, Frito Lay, Kraft, Kellogg, Tyson, ConAgra, and Sara Lee possess initiatives to both assess and reduce the sodium levels in processed food products (7) .
At the hallway talk during the 2007 AACC Intl. Annual Meeting, representatives from several major food manufacturers were present (4). There was a general consensus that sodium content in food is a major concern. In the late 1980s and early 1990s, sodium reduction was a fad or wave. As of 2007, sodium reduction is seen as a true trend that is here to stay. When asked, those present at the meeting advised that companies are looking at a variety of responsible sodium target levels: from the level of ≤140 mg per serving, which allows for labeling of a food as "low sodium," to ≤480 mg per serving for "healthy" labeled foods, to self-defined targets ranging from ≤230 mg Na per serving to ≤500 mg Na per serving.
Some companies, such as the Campbell Soup Company, are publicly announcing their sodium reduction targets. According to the March 2006 issue of Food Business News (2), Campbell Soup Company is committed to reducing sodium in soups and beverages. The company implemented a two-year advertising campaign focused on the message that despite sodium reduction, their food products, specifically their soups, still taste great.
Taste has been the formulation challenge for many food manufacturers, including how to deliver sodium reduction while meeting sensory expectations. There exists a dilemma regarding sodium reduction and sensory expectation. Some consumers perceive that low-or reduced-first. Salt is a relatively inexpensive food ingredient, which may be why higher than required levels for functionality or taste have been used. Initial sodium reduction can be done by identifying a minimum level of sodium chloride that has acceptable flavor and functionality. It may not be necessary to use salt substitutes to achieve the target sodium reduction.
Once a salt level has been established, then it is time to look at other sources of sodium. For example, in chemically leavened baked goods, there are two other primary sources of sodium: the baking soda or sodium bicarbonate, which contains about 27% sodium, and the leavening acids which vary in sodium content from none, for the calcium salts, to low levels, such as 7% for sodium aluminum phosphate (SALP), to 21% for sodium acid pyrophosphate (SAPP). When a functional alternative is available that contains a lower level of sodium or zero sodium, it is best to evaluate substitution of those functional compounds first. One approach is to substitute for the sodium leavening acids with zero sodium leavening acid. Then, based on the balance of the remaining sodium, evaluate the use of potassium bicarbonate in place of sodium bicarbonate.
Taste, functional performance, and cost are all considerations in the reformulation of a reduced or low-sodium product. It may be necessary to use flavor enhancers or boosters, which intensify the saltiness flavor when low levels of salt are used. The use of flavor maskers is another strategy. Flavor maskers disguise bitterness to allow further reduction of salt or the use of salt substitutes such as sea salt or potassium chloride, which also may impact flavor.
Part of the Reduced-Sodium Solution-Calcium Acid Pyrophosphate
There are two types of leavening methods used in baked goods: yeast fermentation and chemical leavening. The primary source of sodium in fermentation is salt. In chemically leavened products, there are multiple functional sources of sodium, making sodium reduction more challenging.
Chemical leavening is the reaction of sodium bicarbonate or baking soda with an acid source. The acid neutralizes the bicarbonate and releases carbon dioxide. As the carbon dioxide expands, it provides volume and impacts texture and appearance. The rate of release of carbon dioxide is controlled by the leavening acid.
For chemically leavened baked goods, once the salt level has been reduced, the next step is to look at the leavening acids and the bicarbonate as a means of reaching sodium targets. Traditional leavening acids are available in three basic types: those that react during mixing, those that react after a given period of time, and those that are heat triggered. Finding a leavening acid that does not contain sodium and is functional during the critical stages of baking has been difficult. In the past, only fast leavening agents, monocalcium phosphates (MCP) and organic acids, or a very late-reacting leavening agent like dicalcium phosphate dehydrate (DCPD)-which reacts after the product reaches a temperature of 135-140°F-were available. A new leavening agent is available which provides leavening during the critical phases of baking.
Calcium acid pyrophosphate (CAPP) is a unique leavening acid that has zero sodium and is a good source of calcium. The acid has controlled release that occurs during important stages of baking, providing ideal volume and texture while not contributing to the overall sodium load. CAPP can be used in a variety of better-for-you baked goods as well as in products developed for consumer convenience, including whole grain-based foods. This leavening acid is ideal for products where sodiumbased leavening agents are traditionally used, such as SAPP or SALP, but when zero sodium is desired. The end result is another tool to help formulate a healthier baked good or snack. Figure 4 shows how the reaction profile for CAPP compares to other leavening For applications where the level of calcium does not meet the required level to make a claim, the addition of other leavening acids increases the level of calcium and is generally sufficient to achieve the "good source" claim. Another strategy would be to use calcium-enrichment ingredients such as tricalcium phosphate (TCP). Beyond calcium, there are other benefits, not the least of which is zero sodium.
From a leavening performance standpoint, CAPP fills an industry need in the world of baked-good formulation. Prior to the introduction of CAPP, leavening agents that did not contain sodium were either fast reacting during mixing, like MCP, or very slow and reacting late in the baking process. The late release of leavening CO 2 would often happen after gelatinization and product set. CAPP provides controlled leavening during the critical stages of volume development in the oven. CAPP also provides bench tolerance, allowing for wholesale production and production of frozen dough or batter products.
CAPP provides excellent finished-product characteristics including a clean-flavor profile, uniform cell structure, and ideal volume. The calcium present also may aid in strengthening the dough/batter system via interaction with the protein network. Like other calcium salts, CAPP may aid in dough conditioning.
CAPP is compatible with traditional baked-good formulations as well as those based on whole grains.
Regulatory Aspects
CAPP can be used with excellent performance when traditional leavening agents are not allowed due to regional restrictions or limitations or when they have a negative impact on health attributes such as sodium levels. CAPP is an excellent choice for leavening in countries where the use of SALP is limited, such as the European Union and Japan.
CAPP is approved in many countries and regions as a food additive, with specifications and allowances for use in specified food categories. The countries and regions include the United States, the European Union, Australia, New Zealand, Japan, Brazil, and countries utilizing the international Codex Alimentarius food standards.
Summary
Ultimately, it may be that salt and sodium are the next health initiative targets, just like trans fatty acids. For both trans fat and sodium, there are functionalities that are difficult to replace or compensate for in food formulations. Trans fat has known health-related concerns. The cause effect relationship between sodium and high blood pressure, and ultimately cardiovascular health, is still under debate. However, it is possible that governments will take action to limit the levels of sodium and salt in the diet to promote healthier populations. There are many sources of sodium in food products. It is critical for food manufacturers to use all the tools available, such as zero sodium leavening agents like CAPP, flavor enhancers, and salt substitutes to assist them in achieving better-for-you healthy foods. agents including SAPP 28, SAPP 22, the slowest grade of SAPP, SALP, and other calcium phosphate products (6) . This graph shows the release of carbon dioxide versus time at room temperature in a simple biscuit dough. CAPP has a similar release profile to the leavening acids that are used most often to deliver the bulk of leavening gas during the baking phase. When CAPP is used to substitute for sodium-based leavening acids, it can provide sodium reductions up to 26%, depending on the formulation and leavening acid that is being replaced.
Another benefit beyond sodium reduction is that in many applications, the level of CAPP used is sufficient to provide a "good source" of calcium claim (10% of the recommended daily value or 100 mg/ serving). CAPP contains 19% calcium by weight. Calcium is one of those positives targeted by food manufacturers to include in better-for-you products. It is also important to consumers.
CAPP can be used as a leavening agent in a variety of baked goods, including those where healthy attributes are targeted, or for general leavening purposes where CAPP provides excellent finished-product characteristics. Examples of baked goods, where CAPP might be used are summarized in Table III , which includes the typical use level of CAPP and highlights the calcium per 100 g of product (note a level per serving is also listed based upon serving weights listed for typical products in the Nutrition Data website [www.nutritiondata.com]). Serving sizes do vary. Daily-recommended intake of calcium varies by age. For adults, it is 1,000 mg per day. The FDA has defined that 10% of the daily value can be described as a "good source" and that 20% can be described as an "excellent source." Note, a glass of milk has about 30% of the daily value for calcium.
